Spare parts inventory management is very important to ensure smooth operation of maintenance department. The main objectives of inventory management of spare parts are to ensure the availability of spares and materials for the maintenance tasks and increase the productivity of the maintenance department. This research centred on the development of the Computerised Inventory Management System (CIMS) for the maintenance team at Weida Integrated Industries Sdn. Bhd. The inventory management technique used to control the spare parts inventory in this research was the basic Economic Order Quantity models (EOQ). However, the CIMS developed is unique as it has the ability in handling inventories in multiple-storage locations. The CIMS was written using the Visual Basic 2010 software. This CIMS has the abilities to keep records and process the spare parts information effectively and faster besides helping the user to perform spare parts ordering tasks compared to the current manual recording. In addition, the ordering quantity and frequency for the CIMS is determined through the EOQ technique. However, observation indicates that the overall average inventory level currently at the factory is lower than the expected overall average inventory level produced by the CIMS. This is due to the fact that the CIMS was unable to consider the opening stock in ordering the inventories. Therefore, further improvements are needed to optimize the performance of the system such as using the EOQ with the reorder point technique, the periodic or continuous review system.
Introduction
Spare parts inventory management plays an important role in supporting maintenance operations and to protect against equipment failures [1] . Improving the inventory processes of spare parts can offer significant benefits in terms of cost reduction and increased the productivity of the maintenance department. Selection of appropriate inventory technique and application of software for the processing of spare parts information and records is be very important for the organization and may ensure timely actions for an efficient and effective spare parts management.
Currently, the spare parts at the case study company are controlled manually. There are several problems occurred with this method. The updating process for the balance of stocks consumes a lot of time because all the records are manually updated one by one across multiple locations. The control and supply of the stocks for the spare parts storage are complicated further by the large variety of size and type of each item and multiple locations. Besides that, manager is facing difficulty to track and manage the inventory. For instance, when the manager needs to find the details of one of the items such as bearing, he needs to find one by one. Sometimes, the manager may not realize that there is a shortage of spare parts for some of the machines and he will only aware of it when he needs to use the spare parts. Furthermore, the manager may also face problems or questions of how much to order and the timing to order the spare parts. The demands of the spare parts are not uniform have a lot of uncertainties. Moreover, the rate of consumption of spare parts for some of the machines is very high and for some other machine the rate may be very low. The wrong decisions may cause high inventory level of certain spare parts stocks. A large quantity of stocks in inventory can be costly and occupy a lot of spaces of the store. Therefore, it is important to establish an effective spare parts inventory management system for the company.
Therefore, the objective of this research was to develop of an efficient Computerised Inventory Management System (CIMS) that can help the manager of the maintenance department to control and manage the spare parts at multiple locations automatically.
Review of Literature
Review of literature indicated various methods used in the literature of inventory management. The methods are base stock policy [2, 3, 4] , (S-1,S) inventory model [5, 6] , (r,r,Q) inventory model [7] , enhanced fuzzy neural network (EFNN) system [8] , and Economical Order Quantity (EOQ) [9, 10] . Chang and Lu [2] used the base-stock policy to control the inventory management of the serial production system for laptop computer assembly. They found that the fill rate which is the percentage of satisfied customer demands can be estimated by using the phase-type approximation. This approximation can be used to measure the mean queue-length distributions of each station. Kutanoglu [3] used the base-stock policy for inventory sharing of the service parts logistics systems with time-based service levels. They found that the total costs of inventory holding, transportation and penalties and penalties due to emergency and direct shipments surges sharply when demand increases at low stock levels. Gallego et al. [4] used the base-stock policy for the inventory management under highly uncertain demand of semiconductor products. He tested the base-stock policy under various demand distributions such as Normal, worst case, Lognormal and Gamma distribution. He concluded that the Lognormal distribution policy has the better performance where it does not suffer from the overestimation of the base-stock policy for the low service level.
Dekker et al. [5] and Aronis et al. [6] used the same method which is the (S-1,S) inventory model. Dekker et al. [5] proposed this inventory model to control the inventory of spare part based on equipment criticality. They found that this model gave a high service level for the critical demand of spare parts and the method is cost effective too. Aronis et al. [6] conducted a case study of applying Bayesian approach to forecast demand and determine the parameter S of the (S-1,S) inventory model for controlling spare parts of electronic equipment. In their research, the Bayesian approach results in lower total stock for achieving the required level of service. This is a more accurate determination of stock levels required to fulfil the service level to the users of the equipment.
Besides that, Chang et al. [7] used another type of inventory model which is (r,r,Q) inventory model for the inventory control of the spare parts where some of the stock is reserved for critical demand. They compared the performance of this model with the (c,s,Q) inventory model. They found that the ordering cost for (r,r,Q) inventory model is lower than that of (c,s,Q) inventory model. However, the holding cost and shortage for (r,r,Q) inventory model is higher than (c,s,Q) inventory model.
Li and Kuo [8] used the enhanced fuzzy neural network (EFNN) system for the forecasting system for the inventory management of automobile spare parts in a central warehouse. This method helps in reduction of the bullwhip effect on the forecasting accuracy and also give better performance compared to others forecasting methods which are double exponential smoothing (DES), trend analysis (TA), winters' method (WM), fuzzy neural network (FNN) and enhanced fuzzy neural network with connection weights initialized randomly (EFNNR) method.
Cobbaert and Qudheusden [9] and Kattan and Adi [10] used the method of Economical Order Quantity (EOQ) for their researches. Cobbaert and Qudheusden [9] presented the inventory models for fast moving spare parts subject to unexpected obsolescence. Their results showed that ignoring
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Mechanical & Manufacturing Engineering the obsolescence component of 20% will increase the overall cost by approximately 15%. Kattan and Adi [10] divided their research into two main parts which are material classification and inventory models. They used the combination of ABC and 123-analysis to classify 2-dimensional material and Economical Order Quantity (EOQ) as the inventory model. They found that this method give saving of 42% in the total inventory cost over a period of 3 years for the inventory management of spare parts and tools of a company. This research is similar to Cobbaert and Qudheusden [9] and Kattan and Adi [10] in using the EOQ technique. However, this research is different as it covers the multiple-storage location environment existed in the system
The Case Study
Weida Integrated Industries Sdn. Bhd. manufactures an extensive range of eco-friendly products for residential or commercial use. The Weida Integrated Industries Sdn. Bhd. has 5 manufacturing plants in Malaysia and is the market leader and largest manufacturer offering the widest range of polyethylene engineering products in Malaysia. The product line includes oil and grease interceptor, solar food composter, toilet house rural sanitation systems, waste bins, planter box, polyethylene tank, polyethylene chemical tank, septic tank, corrugated HDPE pipe, subsoil drainage pipe, HDPE flap gate, traffic safety equipment and so on. All of the products that are produced by this company achieve the highest levels of quality certification and approval, both at home and abroad such as by SIRIM, SPAN (National Water Services Commission) and government agencies such as the Malaysian Health Department, Sewage Service Department and local authorities. The products are also having good qualities such as UV resistant, non-toxic, non-corrosion, seamless, leak proof, high durability, chemical resistant and maintenance free. The Weida Integrated Industries Sdn. Bhd. is also certified by SIRIM for ISO 9001:2008 in compliance to international quality standards and management systems.
Currently, the inventory of the spare parts for the maintenance department of the Weida Integrated Industries Sdn. Bhd. is controlled by using a manual system. There are 7 locations in the factory used to keep all the stocks of the spare parts labelled from A to G. In each of the locations, there are various types of spare parts, which can be divided into the sections such as section for electrical parts, section for bolts and nuts, sections for bearings and so on. Each of the location has its own sub sections. For example, location of A has the A1, A2, A3, and A4.
The Computerised Inventory Management System (CIMS)
As stated before, the developed Computerised Inventory Management System (CIMS) must be able to assist the maintenance manager in managing and controlling the spare part inventories. Therefore, the developed CIMS has the ability to store all the information of each type of the spare parts and let the users do the tasks such as updating of stocks, checking the balance of the stocks, finding the details of an item and so forth. The framework for CIMS program is as summarized in the flow chart displayed in Figure 1 . In addition, the CIMS also helps in controlling the spare part quantities by estimating and scheduling the orders through the basic Economic Order Quantity 
The CIMS Performance: Results and Discussions
Overall the CIMS has been successfully performed the intended functions such as storing new data, updating data etc. In addition, the EOQ, time between order and frequency of orders for each stock can also be estimated by the system as illustrated in Table 1 . In order to evaluate the CIMS performance, scenarios for both existing system and the expected CIMS for each spare part were tabulated as illustrated in Table 2 for Bearing 1206 C3. Based on the scenarios for each spare part, the average inventory levels for the spare parts were calculated as summarised in Table 3 . Table 3 shows that the overall average inventory level of produced by the CIMS technique is unexpectedly higher than the overall average inventory level of the existing scenario. This result is caused by several reasons. One of the reasons is the CIMS failed to consider the opening balances of stocks for each of the items. Normally, the simple EOQ does not consider the opening stocks or assumes zero opening stocks. In this research, since the system does not start from zero, the opening stocks existed. Therefore, these values cannot be avoided. This causes the average inventory levels for CIMS to be higher. On the other hand, the existing scenario, which is the manual system, is influenced by the manager decision when ordering. The manager can adjust the order based on the inventory levels. However, the Economic Order Quantity (EOQ) technique, which has been adopted by the CIMS, is performing the ordering tasks according to a fixed time or a fixed schedule based on demands from previous year. Hence, the system does not consider if there is a shortage of the spare parts stocks or there are some changes in the demands of the spare parts.
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Conclusion
The developed Computerised Inventory Management System (CIMS) for multiple-storage locations can successfully perform tasks such as storing or updating of the spare parts, and tracking of the spare parts transaction details automatically and faster compared to the manual system, which is currently used by the maintenance department. Besides that, the system presents all the data or reports of the spare parts in a systematic way. Another important function of the system is the calculation of the economic order quantity (EOQ) for the spare parts. Through this function, user can systematically estimate when and how much to order.
Comparison in the performance of the existing method and the CIMS indicates that the overall average inventory level of the existing method is unexpectedly lower than the CIMS. This result is caused by several factors:
i. The CIMS is unable to consider the opening balance of stocks for each of the stocks. ii. The basic EOQ model implemented considers only the past year demands in predicting future orders. It does not consider stock on hand. iii. The existing system is influenced by the manager decision. The manager decides when and how much to order the spare parts based on the current inventory levels. Under these reasons, it is important to identify some methods to improve the CIMS. One of the methods is the implementation of the EOQ with the reorder point technique. The reorder point can be explained as the inventory level when the quantity on hand of an item drops to certain amount, Applied Mechanics and Materials Vol. 315 the item is then ordered. Under this technique, there are four determinants of the reorder point quantity such as the rate of demand, lead time, lead time variability, degree of stock out risk acceptable to management [11] . Moreover, the periodic or continuous review system can also be adopted to improve the CIMS. In the periodic review system, the inventory position is checked at fixed intervals of time before ordering is made. On the other hand, the inventory position is continuously monitored for the continuous review system. In both cases, orders are placed only when the inventory falls below the reorder point [12] . As a future work, this research will continue with the integration of the CIMS and periodic review system.
